In this study, the composition, specific richness and abundance of benthic macroinvertebrates (<250 µm) from sediments of eight reservoirs of the Paranapanema River (southeast Brazil), as well as from the main tributaries (Taquari, Pardo and Tibagi) and the mouth zone into the Paraná River were analyzed. Nineteen points distributed along 700 km were sampled quarterly (8 campaigns) during a two-year period (2000 and 2001). The zoobenthos was characterized by a high species richness, (c.a. 100 taxa), with the predominance of Diptera Chironomidae (c.a. 50 taxa). There was a great spatial variation in the assemblage structure, mainly when compared the lacustrine zones of the reservoirs in relation to the fluvial stretches. The Oligochaeta Narapa bonettoi was dominant in sampling stations with sandy sediments and high water velocity, mainly in the Pardo River and in the upstream and downstream of the Paranapanema river mouth (Paraná River). Branchiura sowerbyi, other numerically important Oligochaeta, was abundant in regions of the upper and middle Paranapanema basin. The mollusk bivalve Corbicula fluminea was widely distributed, occurring in most stations and sampling periods. A certain increment in richness and abundance of taxa occurred in the middle Paranapanema. Lower depth, higher flow and increase in the trophic conditions seem to favor the benthic fauna development in this region. A seasonal variation pattern during the two years of study could not be detected, especially concerning the zoobenthos abundance.
) is determined by the Paranapanema. The main river course, in an east-west direction, has a total extension of 929 km between the altitudes (a.s.l.) 809 and 239 m. The basin area is of approximately 100,800 km 2 . Eleven hydroelectric power plants have been constructed in the main course of the Paranapanema River, since the mid twentieth century. In this study, 8 reservoirs were considered: Jurumirim is the first, followed by Chavantes, Salto Grande, Canoas I, Canoas II, Capivara, Taquaruçu and Rosana. The influence of the seasonality in the region is mainly defined by the pluviometric regime -rainy (summer) and dry (winter) seasons. A general and limnological description of this cascade reservoir system is found in .
The sediment samples were collected in 19 sampling points distributed along the Paranapanema River course. Eight reservoirs were sampled, as well as the three main tributaries -Taquari, Pardo and Tibagi and the upstream and downstream zones of the Paranapanema River mouth into the Paraná River. Except for the Canoas complex, the reservoirs were sampled in the lacustrine (dam) and riverine (river-reservoir) (upstream) zones (Figure 1 ). Samplings were carried out quarterly (January-summer; April-fall; July-winter; October-spring) in 2000 and 2001. Four sediment samples were collected at each sampling point, with a Van Veen type dredger, (opening of 0.038 m 2 ). Three samples were used for analysis of the benthic fauna and one for sediment characterization. This last sample was immediately frozen for posterior textural classification and determination of average grain size (Wentworth scale), percentage of different sedimentologycal fraction and percentage of organic matter (OM) (Håkanson and Jansson, 1983) and total nitrogen (TN) (Kjeldhal -Büchi analyser) and total phosphorus (TP) (Andersen, 1976) .
For the benthic fauna analysis, the sediment samples were immediately washed at the collection site using a 250 µm mesh size net, in order to remove the excess of material (mainly mineral particles and organic detritus) keeping the macroinvertebrates. Afterwards, the material was transferred to plastic bags and fixed with 8% formalin.
The samples were rewashed (tap water/250 µm mesh size metal sieve) at the laboratory in order to remove the remaining excess material. The separation of the fauna organisms was performed under a binocular stereoscopic microscopy, been conserved in alcohol 70%. Identification followed mainly Wiederholm (1983) , Mansur et al. (1987) , Brinkhurst and Marchese (1989) , Pennak (1989) , Epler (1992) , Lopretto and Tell (1995) , Trivinho-Strixino and Strixino (1995) and Merrit and Cummings (1996) . The samples are deposited in the Freshwater invertebrate collection of the Department of Zoology, Bioscience Institute, State University of São Paulo (UNESP) -Botucatu Campus.
The abundance of the benthic fauna was calculated (ind.m -2 ) as well as the taxonomical richness. In order
Introduction
The anthropogenic influence in the drainage basins, including river damming and removal of riparian vegetation, changes the natural flow of matter and energy along rivers. Modifications in the nutrient cycles, especially of nitrogen and phosphorus, and in the availability of organic subtracts, for instance, are expected and should affect directly or indirectly the benthic communities. Gumiero and Salmoiraghi (1998) showed that both abundance and biomass of benthic communities varied significantly when comparing regulated environments (dammed up) to those not regulated, including responses to seasonality (pluviometric regime). The authors concluded that dams promote a discontinuity, inducing considerable changes in the community organization along the longitudinal gradient. Barros and Trivinho-Strixino (2002) , studying Chironomidae distribution, observed a loss of diversity downstream from the dam and a discreet downstream recovery when the river returns to its normal course.
The taxonomic richness and numerical abundance of the populations, the parameters usually analyzed in the studies of benthic communities, are useful tools for a rapid and precise detection of ecosystem alterations. This is due to the differential sensibility of the organisms to distinct pollutants and contaminant substances (Wright et al., 1994) . In an analysis of the Chironomidae distribution in reservoirs with different levels of trophy, Higuti et al. (2005) observed a higher taxonomical richness in the oligotrophic ones and also that specific genera dominate in eutrophic environments.
Despite the widespread series of reservoirs in Brazil, there is little information on their effects on zoobenthos community organization. For the cascade of reservoirs of the Iguaçu River (south Brazil), Takeda et al. (2005a) observed an increasing tendency in the diversity index from the upstream to downstream direction.
Additionally to the longitudinal river gradients, the inherent internal spatial complexity of large tropical reservoirs (e.g. Henry et al., 1998 and Nogueira et al., 1999 for the Paranapanema system) also influences the benthic community. For the Rosana Reservoir (SP-PR, Brazil), Resende et al. (2003) found the highest diversity in the lacustrine area when compared to the central and fluvial zones. Laterally, the connection to floodplain wetlands, such as marginal lakes is also of major importance for the macroinvertebrate diversity in reservoir ecosystems (Kudo et al., 2006) .
The aim of the present work was to study the composition, distribution, and abundance of benthic fauna along a cascade of reservoirs built up in the Paranapanema River, southeast Brazil, in different seasonal periods.
Material and Methods
The Paranapanema River is one of the tributaries of the high Paraná River (La Plata Basin) located between latitudes 22°-26° S and longitudes 47°-54° W. Chavantes P a r a n a p a n e m a R i v e r P ir ap ó R iv er P ir ap ó R iv er 1:1000 000 Chavantes P a r a n a p a n e m a R i v e r T a q u a ri R iv e r to determine significant statistical differences of the biological data among sampling periods and sampling points, the F test was applied (Elliott, 1977) . Correlation analysis (r-Pearson, rectangular matrix) was performed between values of the sediment variables and the main zoological groups abundance.
Results

Sediments
The results of the analyses of the sediment characterization are shown in Table 1 (minimum and maximum values).
Three sampling stations had a textural classification of medium sand type and also a low concentration of organic matter: Pardo River, upstream and downstream of the Paranapanema mouth (Paraná River). Therefore, the sediments of these stations can be classified as mineral (Ungemach, 1960 apud Esteves, 1998 . The stations Jurumirim dam, Salto Grande dam and upstream, Canoas I and Taquaruçu upstream and dam, had a fine sand type textural classification, with low organic matter content, being considered as mineral sediment too. The remaining stations exhibited higher silt and organic matter content, as well as larger particle diameter in phi scale, being classified as silty and organic sediments.
Minor variation of the organic matter percentage was recorded, generally not affecting the sediment classification. Minimum values of organic matter were recorded at the stations Pardo River, upstream and downstream zones of the Paranapanema mouth, which oscillated between 0.2 and 1%. The maximum concentrations of organic matter were recorded at Chavantes upstream, with 22.6% in January 2000 and 23.2% in April of the same year. The Taquari River also presented a high proportion of organic content in the sediments reaching the value of 21.8% in April 2000.
Nitrogen concentration in the sediments oscillated largely both among periods and among sampling stations. Minimum concentrations, similar to those observed for organic matter, were found at the stations Pardo River, in the upstream and downstream zones of the Paranapanema River, from undetected values to
Zoobenthos
Composition and distribution
A total of 96 taxa were found along the Paranapanema River and affluents during the studied periods (Table 2) . However, its is important to note that several organisms were not identified at species level, due to intrinsic problems of the taxonomical studies of this community of organisms and precluding that an even higher richness could be determined. The benthic macroinvertebrates were represented by 7 major zoological groups: Mollusca, Crustacea, Acari, Annelida, Nematoda, Nematomorpha, and Insecta. The greatest richness was observed in the class Insecta, with 60 taxa, followed by Annelida with 15, Crustacea (Ostracoda) with 10 and Mollusca with 8. Acari, Nematoda and Nematomorpha were taxonomically poorer, with only one taxa of each group.
Among the Mollusca, higher richness corresponded to the class Gastropoda (6), although the Bivalvia had a higher relative abundance, specifically due to the presence of Corbicula fluminea. Among the Annelida, the Oligochaeta was the most specious class, with 13 different taxa, while the Hirudinea contributed with only A detailed description and interpretation of nutrients (T-N and T-P) and metals and pesticides concentrations in the Paranapanema basin sediments is provided by Jorcin and Nogueira (2005a; b) and , respectively. 2 taxa. The Insecta was the most diversified class, with six different orders. The order Diptera was the best represented one, with 50 different taxa. The number of taxa found at the sampling stations, grouped in the main zoological groups -Mollusca, Annelida, Insecta (Diptera) and others, is shown in Figure 2 . The higher richness of Diptera over the other groups is clearly observed, as well as the high number of taxa found in the Pardo River (44), followed by Salto Grande upstream (30), Canoas II (29) and Taquaruçu upstream (23).
In general, a certain increase in richness was observed in the middle/middle low Paranapanema region, among Salto Grande upstream stations up to the Taquaruçu dam, after a marked decline in the large and deep reservoirs of Jurumirim and Chavantes. Significant differences were not observed among the sampling periods (F test analysis), in terms of richness values.
Insecta and Annelida are the predominant groups in the benthic fauna of the Paranapanema river and tributaries. Considering all the sampling periods, the proportion of Insecta in the tributaries was slightly superior (65.8%) to the one found in the reservoirs (58.1%). For Annelida and Mollusca, the proportion was superior in the reservoirs (20.7 and 10.1%, respectively, in relation to the tributaries, 16.7 and 7%, respectively). Among the Insecta, Diptera was the main order, regarding richness, abundance and spatial and temporal distribution.
In the Paranapanema basin main axis (river and reservoirs) the oligochaeta Branchiura sowerbyi was the best representative of the class Annelida, in terms of distribution and abundance, occurring mainly in the high and middle Paranapanema regions. For the tributaries, a high occurrence of the tubificidae B. sowerbyi and Paranadrilus descolei was also observed. At Pardo River station and in the upstream and downstream zones of the Paranapanema mouth, the narapidae Narapa bonettoi predominated. A higher number of Annelida species was detected in the high and middle region of the Paranapanema basin -at the stations Jurumirim upstream (6) and Taquari River (6), Salto Grande upstream (9), Pardo River (6) and Canoas II (4).
Among the Mollusca, the bivalve Corbicula fluminea was largely distributed in the main river and tributaries, occurring in 15 sampling stations.
The Crustacea was also widely distributed and their presence was detected in 14 sampling stations, with the 10 different species, which were restricted to the class Ostracoda.
The Nematoda occurred in 10 sampling stations. All representatives of this group belonged to the same order, Dorylaimida.
The groups poorly represented were Acari, found only at three sampling stations (Jurumirim upstream, Pardo River and Rosana dam), and Nematomorpha with only one individual found at the Salto Grande upstream station.
The Insecta, as mentioned before, was the best represented group in the benthic fauna, being found at practically all the sampled stations. The order Diptera, especially Chironomidae, was largely dominant, followed by the Trichoptera, Odonata, Ephemeroptera, Collembola and Coleoptera. Paranadrilus descolei were the two species that occurred in higher densities in this region of the basin. Among the Insecta, species of Chironomidae and the Ephemeroptera Campsurus were the organisms with higher abundance, mainly at the Taquari River station. In general the sampling stations in the middle Paranapanema basin exhibited a higher organism abundance, mainly in the tributaries and upstream zones of the reservoirs. In most samplings C. fluminea and B. sowerbyi were more abundant than the other taxa. At the Pardo River station, high densities of organisms were observed during the whole study. In the low Paranapanema region, a certain decrease in organism density occurred, however expressive fluctuations in the values were also observed. C. fluminea and B. sowerbyi continued to occur as important taxa in different sampling points of this region. A high organism Despite having a wide distribution along the river, a slight increase in specific richness of Chironomidae was observed in the region of the middle Paranapanema.
The genus Chaoborus was relatively well represented, being found at 8 sampling stations. Among the Chironomidae, Coelotanypus occurred in 16 stations, followed by the B genus, represented in 10 stations. Djalmabatista sp. occurred in 7 stations, and Polypedilum, represented by P. tripodura, P. asheum, P. sp.1 and P. sp.2 was found at 6 stations. The remaining zoobenthic taxa had a more restricted spatial and temporal distribution.
Abundance
A high temporal variability in the total abundance of organisms (ind.m -2 ) was observed for most sampling stations in the Paranapanema River/reservoirs and tributary rivers (Figure 3) . A seasonal variation pattern could not be detected, considering the two years of study.
The stations Pardo River, upstream and downstream zones of the Paranapanema mouth exhibited a relatively high density of organisms in 2001, as a consequence of a remarkable increase in density of Narapa bonettoi.
In the high Paranapanema region, the sampling points located in the upstream zones of the reservoirs exhibited values around 3,000 ind.m -2 , higher than the ones observed near the dams. Corbicula fluminea and Jan. Apr. July Oct. Jan. Apr. July Oct.
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Jan. Apr. July Oct. Jan. Apr. July Oct. For the Oligochaeta, the results evidenced a significant correlation (α < 0.05) with several variables: NT (r = -0.70), PT (r = -0.63), OM (r = -0.68), phi (r = -0.75), depth (r = 0.54). The remaining benthic groups did not have significant correlation with the analyzed variables.
Discussion
The benthic macroinvertebrates of the Paranapanema basin was characterized by a high species richness, c.a. 100 taxa, with a great predominance of Diptera Chironomidae, c.a. 50 species. These results are similar to the ones obtained by Jorcin et al. (in press) for the large reservoir of Porto Primavera (123 taxa, being 63 Chironomidae) also located in the high Paraná River basin.
The zoobenthos exhibited a large variation in the species composition, abundance and richness distribution along the reservoir cascade system of the Paranapanema River. Important differences, mainly in the species composition and dominance (numerical), were observed between the main river/reservoirs and the tributaries/mouth zone into the Paraná River.
In the Pardo River, as well as in upstream and downstream zones of the Paranapanema river mouth, for example, there are distinctive environmental characteristics: coarse (medium sand) texture and high water velocity (pers. obs.). In these stations, different from the rest of the studied system, there is a high abundance of the Oligochaeta N. bonettoi. This is an evidence that the structure of the benthic invertebrate assemblages varies when compared lotic and lacustrine environments of the Paranapanema River basin. Takeda et al. (2001) , studying the distribution of this Oligochaeta in the high Paraná River, observed that hydrology is the main factor that affects this organism distribution. According to Marchese (1995) , this small-proportioned organism adapts very well to systems with high water velocity, low content of organic matter in sediments and granulometry type from fine to medium sand. All these characteristics are especially evident in the Pardo River and in the upstream and downstream zones of the Paranapanema River mouth, areas where this species reached the maximum densities.
In the case of the reservoir environments, the age of construction of the dam is another important factor for the establishment of different benthic assemblages. Takeda et al. (2005a) also observed that the reservoir age may affect the species diversity, with older reservoirs having a greater diversity of the benthic fauna. In case of the Paranapanema River, Salto Grande was the first reservoir to be built, in 1958. This reservoir, especially in the upstream zone, exhibited a high number of taxa. Its almost 5 decades of existence may have given a chance for the establishment of different species in the new habitats created after the lake filling up. The richness established here might be gradually transferred to the subsequent reservoir (Canoas II and Canoas I).
Nevertheless, a new decrease occurred towards the river mouth, probably influenced by the deeper conditions of the downstream reservoirs.
In terms of intra-reservoir variations the results showed some conspicuous downstream diminution in richness of the bentic fauna. In Jurumirim and Salto Grande the decrease near the dam was of about 20 taxa. In the case of Jurumirim the maximum densities were about 1,000 ind.m -2 in the upstream and only 80 ind.m -2 in the dam zone. Santos and Henry (2001) had already observed this tendency for this reservoir. Jorcin et al. (in press) , in a four-year study of the zoobenthos in Porto Primavera Reservoir (SP/MS), also observed higher species richness in the fluvial zone and higher diversity and densities in the transitional (river-reservoir) zones. In our study, the relative increase in richness and abundance of the benthic macroinvertebrates in the middle Paranapanema basin could also be related to the trophy. Nogueira et al. (2002) , based on the water column characteristics, concluded that more eutrophic conditions occur in the reservoirs of the middle basin, when compared with the oligotrophic ones of the high Paranapanema. The authors also detected an improvement of the reservoir water quality located in the river final stretch. Similar tendencies were found by Jorcin and Nogueira (2005a; b) on the basis of sediment characteristics, mainly OM, TP and TN concentrations.
The low depth of the sampling points located in the middle Paranapanema (e.g. upstream and dam stations of Salto Grande, Canoas II and Pardo River), may favor benthic fauna development. The low depth associated to relatively transparent waters -light availability in bottom layers (particularly in the upstream Salto Grande), generate the development of aquatic macrophytes providing more variety of habitats and food resources for the benthic organisms. The Oligochaeta Naididae and Tubificidae are found in a large habitat spectrum. Yet, among the Naididae, Pristina and Allonais have a distribution usually associated to aquatic macrophytes . This pattern was also verified in this study, mainly for the sampling stations formerly mentioned.
The occurrence of Chironomidae was important in almost all the sampling points. However, a greater richness of this group was associated to the upstream zones of the reservoirs and to the tributary rivers, such as Pardo and Taquari. The genera Chironomus, Djalmabatista, Coelotanypus and Polypedilum were frequently found, but without presenting a seasonal pattern of variation. This indicates a great tolerance to the different climatic, hydrological and limnological conditions.
Regarding the Mollusca, a clear predominance of C. fluminea was observed. This species occurred in the whole basin and even reaching very high abundance (e.g. 7,641 ind.m -2 in April 2000 at Pardo River station). C. fluminea is an exotic species, from Asia, introduced through the River de La Plata. It was quickly dispersed and displaced many native species (Ituarte, 1981) . Takeda et al. (2005b) , studying 31 reservoirs of distinct hydrographic basins of Paraná State, observed that C. fluminea was predominant in the Paranapanema River reservoirs, mainly in Canoas I and Rosana. According to the authors, the predominance of a sandy riverbed may distinguish the Paranapanema basin from the others they studied. Bagatini et al. (2003) , in order to explain the distribution of C. fluminea in Rosana Reservoir, related the biomass accumulation of this organism to the increment of chlorophyll concentration in the water column.
In the present study, as already mentioned, it was observed a wide spatial distribution and, sometimes, in higher densities, of benthic organisms. Temporally, a seasonal pattern of their occurrence has not been determined. As verified by other authors (Takeda, 1999; Takeda et al., 1997; Resende et al., 2003; Jorcin et al., in press ), parameters such as nutrient, organic matter concentration and granulometric characteristics of the sediments strongly influence the benthic assemblages structure, mainly for the Oligochaeta and Chironomidae.
